Introduction
============

There is a high prevalence of mental health problems in European countries: with 38% of the European citizens, 164.8 million persons suffer from a mental health problem each year ([@B57]). Mental health problems are also associated with higher prevalence in risk factors for chronic diseases ([@B43]). This leads to a large burden for affected persons, but also to enormous expenses of the public health care system. The direct healthcare costs for anxiety disorders in Europe accounted for more than eight billion € in the year 2010 ([@B24]). However, this number does not include the costs of other frequent mental health problems (e.g., mood disorders, psychotic disorders, [@B1]) or indirect costs of mental health problems (e.g., disability benefit claims). The percentage of disability benefit claims related to mental health problems increased from 10% of all disability benefit claims in 1995 to 35% in 2013 ([@B41]). In Austria, the combined direct and indirect costs for mental health problems account for 3.6% of the gross domestic product ([@B41]).

Given this large economic burden of mental health problems, cost-effective interventions for prevention and treatment are urgently needed. There is empirical evidence that regular physical activity (PA) can serve as an effective preventive behavior as well as an intervention for mental health problems ([@B12]; [@B38]). Despite this, more than 65% of the European population do not meet the criteria for health-enhancing PA ([@B48]). Health-enhancing PA is defined by approximately 1.5 to 2 h of being active throughout the day based on standard scoring criteria of the International Physical Activity Questionnaire^[1](#fn01){ref-type="fn"}^. Alongside the physiological benefits, there is a vast knowledge about mood improvement through PA. Affective valence, defined as the degree of pleasure (or displeasure) in a specific situation ([@B18]), may have a bidirectional effect. On one hand, affective valence can be influenced positively by PA with moderate intensity ([@B18]; [@B16]). On the other hand, affective valence plays a key role in maintaining PA ([@B56]; [@B44]), i.e., forms of PA leading to a higher affective valence are more likely to be maintained. Being physically active in an outdoor environment seems to have synergetic effects on affective valence compared to being active indoors ([@B42]; [@B6]; [@B52]; [@B22]; [@B40]). Consequently, especially outdoor PA might affect the maintenance of PA positively and might have the potential to reduce the prevalence of mental health problems ([@B38]).

In alpine areas, mountain exercising, a form of outdoor PA, which plays a key role in PA behavior ([@B9]). In 2005, nearly 45% of the Austrian population above the age of 15 years was practicing (mountain) hiking or climbing/mountaineering, which are the most prominent representative mountain sport disciplines ([@B35]; [@B49]). Additionally, mountain exercise is performed by millions of tourists, who are regularly visiting mountainous regions. In 1999, more than 40 million of mountain tourists were estimated in the entire Alps ([@B11]). Repeated bouts of mountain hiking with moderate intensity showed positive effects on mental health related psychological parameters, both in healthy participants and in patients with metabolic syndrome ([@B47]; [@B40]). Furthermore, mountain exercising might also be used in patient populations with mental health problems. Recently, mountain hiking has been effectively used as a treatment option for suicide patients and was recommended as an adjunct to conventional therapy ([@B50]).

Overall, mountain exercise as a frequently conducted form of PA in alpine regions may have relevant potential in the prevention and treatment of mental health problems, but at this stage of research, more knowledge based on epidemiological data about potential protective effects of this special form of PA is warranted. Therefore, the aims of the present study were (a) to assess the prevalence of mental health problems in mountain exercisers and (b) to detect potential factors associated with psychological distress in mountain exercisers. We hypothesized that a high level of PA and high affective valence during PA might be associated with lower psychological distress in mountain exercisers.

Materials and Methods {#s1}
=====================

Design
------

The study was conducted in a cross-sectional design. The study protocol was approved by the Board for Ethical Questions in Science of the University of Innsbruck in accordance with the Declaration of Helsinki (No. 25/2015, date: 17.06.2015).

Sample and Procedure
--------------------

We collected the data via web-based questionnaire. Information about psychological distress, PA level, health status, affective valence to PA, quality of life and socio-demographic data was collected in 49 questions. The questionnaire was distributed by the largest Austrian Alpine Association to ensure collecting a representative sample of mountain exercisers and via electronic networks of the Paracelsus Medical University web site to recruit mountain exercisers without membership in an Alpine Association. Incentives related to mountain sports were provided to increase the participation of mountain exercisers.

Inclusion criteria were permanent residence in Austria, age 18 years and above, and being mountain exerciser. To our knowledge, there is no clear definition of mountain exercise or mountain sports in literature. However, the largest Austrian mountain sports association summarizes "the vast diversity of modern mountain sports" ([@B5]) and includes the following disciplines: hiking and trekking, climbing via ferratas, classic mountaineering, winter mountaineering (ski or snowboard), all types of climbing (bouldering, climbing on artificial objects, crag climbing, continuous climbing, bigwall/aid climbing, alpine climbing, adventure climbing, sport climbing, super-alpine climbing, expedition climbing). A participant was considered as a mountain exerciser, when the participant was exercising in at least one of the disciplines. Because of the low prevalence of bigwall/aid climbing, super-alpine climbing, and expedition climbing in the Alpine region, we did not ask for these types of mountain exercise.

Initially, there were data of 2,270 subjects (female: 47%), of which 99% (2,244/2,270) were defined as mountain exercisers. Out of 2,244 mountain exercisers (female: 47%), 15% (336) have been excluded because of non-Austrian permanent residence, 1% (15) due to age less than 18 years, 16% (357) due to missing data in covariates (*n* = 302 in PA, *n* = 50 in monthly income, *n* = 5 in affective valence during PA). The final data set consisted of 1,536 mountain exercisers with complete data in all relevant variables.

Measurements
------------

### Psychological Distress and Prevalence of Mental Health Problems

The level of non-specific psychological distress was assessed by the Kessler Psychological Distress Scale (K10, [@B31]). On the 10-item scale, participants had to rate how often they felt distressed on 5-point Likert scale from "none of the time" (0) to "all of the time" (5) in the last 30 days. All items were summed up to get a total score ranging from 10 to 50. Higher scores indicate a higher level of psychological distress. The K10 showed excellent internal consistency (Cronbach's α = 0.93) and good convergent validity (*r* = 0.76 to 0.99, [@B31]). Internal consistency in the present sample was high (Cronbach's α = 0.84).

The level of psychological distress shows a strong relationship to mental health problems ([@B31]). Consequently, the K10 was used both as a screening tool for mental health problems and as an assessment for the level of psychological distress. The K10 shows good discrimination abilities between cases with mental health problems and non-cases according to the Diagnostic and Statistical Manual of Mental Disorders 4th edition (American Psychiatric Association, 2000) and was shown to be superior compared to other screening scales ([@B13]). The Receiver Operating Characteristic for the discrimination showed values of 0.87 to 0.88 and 0.86, respectively ([@B31]; [@B29]). In accordance to previous studies, subjects with a K10 total score of 10--19 were defined as likely to be well and subjects with K10 total score of 20 and above as likely to have mental health problems ([@B4]; [@B55]).

### Self-rated Physical Activity

The level of PA was assessed with the short form of the International Physical Activity Questionnaire consisting of 11 items (IPAQ^[2](#fn02){ref-type="fn"}^). Participants were asked to rate the frequency and duration of vigorous, moderate, and walking activity during the last 7 days as well as the sitting time per day. Even though there was some controversy about the validity of the IPAQ ([@B27]; [@B36]), the IPAQ is widely used in national surveys ([@B25]; [@B7]; [@B34]) and [@B14] concluded that the IPAQ showed acceptable validity values (*r* = 0.8).

The IPAQ allows calculating both a continuous score (energy expenditure in multiples of the basic metabolic rate) and a categorical score \[inactive, minimally active, and health enhancing physically active (HEPA)\]. These categories were based on standard scoring criteria^[2](#fn02){ref-type="fn"}^.

### Affective Valence during Physical Activity

The German version of the Feeling Scale (FS) was used to operationalize affective valence ([@B28]). The bipolar, single item scale consists of 11 answer possibilities ranging from "very good" (+5) to "very bad" (-5) with a neutral answer possibility. The FS was exclusively designed for measurements of affective valence during PA. Discriminant validity was reported for perceived exertion including other development information ([@B28]). Convergent validity was assessed previously with the Self Assessment Manikin and ranged from *r* = 0.41 to 0.88 ([@B54]).

Momentary assessed affective valence during PA showed a large variability due to both intra-individual differences ([@B53]; [@B51]) and due to different environments ([@B42]; [@B6]; [@B52]; [@B17]; [@B22]). In this study, affective valence was assessed in general (i.e., beliefs about affective valence, [@B46]). Two separate questions were used to assess affective valence for indoor PA (e.g., Volleyball, Squash, and Badminton) and outdoor PA (e.g., mountain hiking, climbing, Ski touring). Consequently, the mean value of beliefs about affective valence indoors and outdoors was used to operationalize affective valence during PA. If the subjects were not physically active indoor, only the value for outdoor PA was used.

### Covariates

The following covariates were collected because of their potential association with psychological distress and mental health problems: sex (male, female), age group in years (18--39, 40--59, 60 and above), body mass index (BMI) in kg/m^2^ (\<18.5, 18.5--24.9, 25.0--29.9, 30.0 and above), marital status (no partnership, married/de facto partnership), education (non-college level, college level), membership in Alpine association (yes, no), income group in €/month (\<1300, 1300--1799, 1800--2800, \>2800) and health related quality of life (HRQoL). HRQoL was assessed by the EQ-5D-5L ([@B21]). The EQ-5D-5L is a 5-item-questionnaire and covers five dimensions of quality of life: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The response mode consists of a 5-point Likert-scale. An index for all dimensions combined is calculated ranging from lowest quality of life (0.000) to highest quality of life (1.000). The EQ-5D-5L showed acceptable convergent validity values, *r* = 0.43 to 0.61 ([@B30]).

Statistical Analyses
--------------------

All statistical analyses were performed using SPSS v. 23 (IBM, New York, NY, United States). To assess relevant associations to psychological distress, the total sample was divided in two groups. One group was defined as likely to be well (K10: 10--19) and one group was defined as likely to have mental health problems (K10: 20 and above) ([@B4]; [@B55]). Prior to multiple linear regression analysis, all variables were tested on differences in the two groups to assess relevant predictors of psychological distress. Due to non-normal distribution of the variables (as assessed by Shapiro--Wilk test), Mann--Whitney *U* test was used to find differences between the two groups for metric variables. For categorical variables, χ^2^-methods were used. Bonferroni correction was applied due to multiple testing on differences. Consequently, *p*-values less than 0.005 were considered as significant for Mann--Whitney *U* test and χ^2^-test.

Stepwise multiple linear regression calculations were used to model psychological distress (dependent variable). Step 1 included all relevant demographic covariates differing between the two groups. In step 2, HRQoL was added. In step 3, the PA level was added. The final step 4 included all previous variables and the affective valence during PA.

As expected in a non-clinical sample ([@B2]), the values of psychological distress were considerably skewed, and so were the values of HRQoL and affective valence during PA. In the regression model, the residuals were not normally distributed. Consequently, the variables psychological distress, HRQoL and affective valence during PA were log-transformed.

The level of significance was set at *p* \< 0.05 (two-tailed). Data were presented as median, interquartile range (Mdn, IQR) and percentage (frequency) unless otherwise stated.

Results
=======

Prevalence of Mental Health Problems and Group Differences
----------------------------------------------------------

The overall prevalence of mental health problems in mountain exercisers was 14% (221). The 9% (144) were categorized as likely to have mild or moderate mental health problems. The 5% (77) were categorized as likely to have severe mental health problems. **Table [1](#T1){ref-type="table"}** shows the frequencies of the covariates' categories in subjects who were likely to be well and subjects who were likely to have mental health problems, respectively. Subjects who were likely to have mental health problems showed a significantly higher amount of women, of younger participants, of participants with low income, and a lower amount of HEPA people.

###### 

Subject characteristics in the total sample and between participants who were likely to be well and who were likely to have mental health problems.

  Variable                                Total sample (*n* = 1536)   Likely to be well (*n* = 1315)   Likely to have mental health problems (*n* = 221)   *P*^3^
  --------------------------------------- --------------------------- -------------------------------- --------------------------------------------------- ---------
  Sex, female                             703 (46%)                   574 (44%)                        129 (58%)                                           \<0.001
  Marital status, partnership             446 (29%)                   382 (29%)                        64 (29%)                                            0.978
  Education, college                      776 (51%)                   662 (50%)                        114 (52%)                                           0.835
  Membership in Alpine association, yes   1342 (87%)                  1155 (88%)                       187 (85%)                                           0.183
  **Age group, years**                                                                                                                                     
  18--39                                  693 (45%)                   567 (43%)                        126 (57%)                                           
  40--59                                  600 (39%)                   519 (39%)                        81 (37%)                                            
  60 and above                            243 (16%)                   229 (17%)                        14 (6%)                                             \<0.001
  **BMI^1^ group, kg/m^2^**                                                                                                                                
  \<18.5                                  39 (3%)                     33 (3%)                          6 (3%)                                              
  18.5--24.9                              1118 (73%)                  949 (72%)                        169 (76%)                                           
  25--29.9                                329 (21%)                   287 (22%)                        42 (19%)                                            
  30 and above                            50 (3%)                     46 (3%)                          4 (2%)                                              0.412
  **Income, €/month**                                                                                                                                      
  \<1300                                  270 (18%)                   204 (16%)                        66 (30%)                                            
  1300--1799                              296 (19%)                   240 (18%)                        56 (25%)                                            
  1800--2800                              474 (31%)                   427 (32%)                        47 (21%)                                            
  \>2800                                  496 (32%)                   444 (34%)                        52 (24%)                                            \<0.001
  **Activity level**                                                                                                                                       
  Inactive                                188 (12%)                   149 (11%)                        39 (18%)                                            
  Minimally active                        438 (29%)                   356 (27%)                        82 (37%)                                            
  HEPA^2^                                 910 (59%)                   810 (62%)                        100 (45%)                                           \<0.001
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The variables HRQoL and affective valence during PA showed small, but significant differences between the two groups. HRQoL was significantly lower in subjects who were likely to have mental health problems (Mdn: 0.909, IQR: 0.089) compared to subjects who were likely to be well (Mdn: 1.000, IQR: 0.090), *p* \< 0.001. Affective valence during PA was significantly lower in subjects who were likely to have mental health problems (Mdn: 3.5, IQR: 1.5) compared to subjects who were likely to be well (Mdn: 4.0, IQR: 1.5), *p* \< 0.001.

Marital status, education, membership in an alpine association, and BMI group did not significantly differ in the two groups and were therefore excluded from the linear regression.

Regression Analysis of Psychological Distress
---------------------------------------------

**Table [2](#T2){ref-type="table"}** shows the results of the four steps of the linear regression. All models were statistically significant. The final model explained 18% of the variance, *F*(10,1525) = 33.84, *p* \< 0.001. Protecting sociodemographic factors against psychological distress were being male, being older, and a higher monthly income. Higher HRQoL, higher level of PA, and higher affective valence during PA were associated with lower psychological distress.

###### 

Stepwise linear regression results for psychological distress.

  Variable               *n*   Psychological distress Median (IQR^1^)   β^2^    *T*      *P*^3^    *R*^2^ corr. ^4^   Δ*R*^2^ corr. ^5^
  ---------------------- ----- ---------------------------------------- ------- -------- --------- ------------------ -------------------
  **STEP 1**                                                                                                          
  Sex                                                                                                                 
     Female              703   15 (5)                                   1                                             
     Male                833   14 (4)                                   -0.09   --3.70   \<0.001                      
  Age group, years                                                                                                    
     18--39              693   15 (5)                                   1                                             
     40--59              600   14 (4)                                   -0.15   -5.81    \<0.001                      
     60 and above        243   13 (4)                                   -0.25   -9.38    \<0.001                      
  Income, €/month                                                                                                     
     \<1300              270   16 (5)                                   1                                             
     1300--1799          296   15 (5)                                   -0.03   -1.02    0.306                        
     1800--2800          474   14 (5)                                   -0.14   -4.07    \<0.001                      
     \>2800              496   14 (4)                                   -0.17   -5.05    \<0.001   0.09               
  **STEP 2**                                                                                                          
     HRQoL^6^                                                           -0.21   -8.69    \<0.001   0.15               0.06
  **STEP 3**                                                                                                          
     Activity level                                                                                                   
     Inactive            188   15 (6)                                   1                                             
     Minimally active    438   15 (5)                                   -0.01   -0.25    0.806                        
     HEPA^7^             910   14 (5)                                   -0.10   -2.86    0.004     0.15               0.01
  **STEP 4**                                                                                                          
     Affective valence                                                  -0.15   -6.43    \<0.001   0.18               0.03
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Discussion
==========

Major Findings
--------------

To the best of our knowledge, this was the first study to show the prevalence of mental health problems in the specific population of mountain exercisers. The major findings in this study were, that (1) being male, older age, higher income, higher activity level, higher HRQoL and higher affective valence during PA were associated with lower psychological distress. (2) Psychological distress was not significantly associated with membership in alpine association and weight status. (3) The prevalence of mental health problems in mountain exercisers seems to be lower compared to the European population.

Associations with Psychological Distress
----------------------------------------

Sex and income were significant sociodemographic covariates to psychological distress, which is consistent with the existing literature ([@B37]; [@B43]; [@B57]; [@B41]). Also in mountain exercisers, being male is associated with lower psychological distress. Our results also confirmed previous findings in national and international surveys ([@B3]; [@B57]) that the prevalence of mental health problems and high psychological distress was dependent on the income of the participants.

Weight status was not shown to be a significantly associated to psychological distress in our sample, which is contrary to previous findings ([@B37]; [@B3]; [@B41]). [@B3] were able to show higher rates of medium and high psychological distress in underweight and obese people. It might be concluded, that in mountain exercisers psychological distress is independent of weight status. However, this conclusion has to be treated with caution, because there were only few cases of underweight/obesity in the present sample of mountain exercisers (combined *n* = 89). It might be a more convincing conclusion that the percentage of underweight/obese people is low in mountain exercisers. Indeed, the prevalence of underweight/obesity (6%) was low compared to the Austrian population (17%) (Statistik Austria, 2016). When the prevalence of medium/high psychological distress was compared in acceptable (BMI: 18.5--24.9 kg/m^2^) and overweight category (BMI: 25.0--29.9 kg/m^2^), our results are consistent with [@B3] who did not report a difference in these two groups.

Interestingly, there was no significant difference in psychological distress between inactive and minimally active mountain exercisers. Only when PA level was increased to HEPA category there was a significant psychological distress reducing effect. This finding strengthens the recommendation (also from a mental health point of view) to increase PA level in physically inactive and minimally active persons to HEPA category.

Another important finding was that higher affective valence during PA was associated with lower psychological distress. When the standardized regression coefficients of affective valence during PA and income were compared it can even be concluded that affective valence during PA is nearly equally important as income. It has been shown previously that affective valence during PA play a major role in both starting a PA program ([@B23]; [@B26]; [@B19], [@B20]) and maintaining a physically active behavior ([@B56]; [@B44]). The present study provides further evidence that it is important to focus on affective valence during PA and to promote PA that shows positive effects on affective valence.

We expected membership in an alpine association would be associated with lower psychological distress due to social support provided by regular activities in alpine associations, which could not be confirmed in our study. Other authors were able to show a stress-buffering effect of social support ([@B10]) and a reduction in depressive symptoms due to voluntary group membership ([@B45]). It might be concluded that the degree of social support is comparable in alpine association members and in the peer groups of non-members. Psychological distress in mountain exercisers might be more depending on the social support during mountain exercise *per se* and less on membership. However, this speculation has to be proved in future studies.

Comparison of Mountain Exercisers with General Population
---------------------------------------------------------

The prevalence of mental health problems in mountain exercisers was lower (14%) compared to values of 38% (total population European Union, [@B57]), 20% (working population Europe, [@B41]), and 25% (Germany, [@B8]; [@B32]). When mountain exercisers were compared to the Austrian Health Survey (representative study for the Austrian population) in the significant covariates, mountain exercisers showed a younger age (median age group: 40 to 44 years vs. 45 to 49 years, [@B34]). Since younger age was related to higher scores in psychological distress, this should result in an even larger rate of mental health problems in the sample of mountain exercisers. However, this difference might be compensated by a different percentage of female population (46% vs. 54%, [@B34]). It has been shown previously that women show higher rates of mental health problems ([@B57]). There were also small differences in the BMI and in the monthly income. Mountain exercisers showed a smaller mean BMI (23 vs. 25 kg/m^2^) and a higher median monthly income (1800--2300€ vs. 1501--1800€). No differences in marital status were observed (29% vs. 29% partnership). The PA levels showed comparable percentages in the three categories inactive (present study: 12% vs. Austrian population 17%), minimally active (29% vs. 27%), and health-enhancing physically active (59% vs. 66%, [@B34]).

Limitations
-----------

The following limitations have to be considered when interpreting the findings of the present study: Firstly, we cannot exclude a selection bias in the present study. It is known from other studies that the outcome in mental health determinants differs between responders and non-responders ([@B15]). Since, we provided incentives related to mountain sports when the questionnaire was completed, we hoped to increase the participation of mountain exercisers with low confidence. Secondly, the explained variance of the final model was low. It remains doubtful if all relevant variables were included in the model. Consequently, we put more attention on the comparison of the associate variables of psychological distress and less attention on the total model. Thirdly, we did not use a clinical measurement of mental health problems (e.g., diagnostic interview, [@B33]). Even though the Kessler Scale for Psychological Distress is a widely used screening tool for mental health problems ([@B39]; [@B55]), the prevalence rates of mental health problems may be not reliable in the present study. Fourthly, due to the cross-sectional design, no comparison of the results could be done with a control group doing indoor PA or being sedentary. Furthermore, we are not able to answer the question about a possible causal effect of the level of PA and affective valence during PA on psychological distress. It remains unclear whether the level of PA affects psychological distress, whether psychological distress affects the level of PA or whether there are mutual influences of the different variables. Prospective studies in the mountain exerciser population are needed to clarify these effects.

Conclusion
==========

The present study showed that being physically active in HEPA category and experiencing high affective valence during PA seem to be associated with lower psychological distress in mountain exercisers. Obtained results should lead to prospective longitudinal studies focusing on the prevention of mental health problems by outdoor PA on one hand as well as testing the potential of mountain PA as an adjunct treatment in people with mental health problems on the other hand. Furthermore, the results could be helpful for health professionals for PA recommendations for the prevention of mental health problems by including outdoor exercise as an interesting alternative to traditional indoor exercises.
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